Abstract Children with Down syndrome (DS) present with a spectrum of hematolymphoid malignancies ranging from transient myeloproliferative disorder (TMD) which regress spontaneously to frank acute leukemia of both myeloid and lymphoid lineage. Here we present a series of three cases with different manifestation in DS. Three cases of DS presented with TMD, acute myeloid leukemia (AML-M2) and acute megakaryoblastic leukemia (AMKL), respectively. This case series displays the spectrum of hematological manifestations in children with DS. Although TMD and AMKL are strongly associated with DS, other AML subtypes can also be seen in such patients.
Introduction
Patients with Down syndrome (DS) have a higher risk (10-to 20-fold) of developing leukemia [1, 2] . In the WHO classification of tumours of haematopoietic and lymphoid tissues 2008, myeloid proliferations related to DS has been incorporated as a distinct entity [3] . A unique syndrome occurs only in newborn infants with DS referred to as transient myeloproliferative disorder (TMD), transient abnormal myelopoiesis (TAM), or transient leukemia (TL). In addition, children with DS are also at increased risk for acute megakaryoblastic leukemia (AMKL) and acute lymphoblastic leukemia (ALL) in the first 4 years of life [2] .
We report a short series of 3 cases with different hematological manifestations in children with DS diagnosed over a period of 6 months.
Case 1
A 2.5 kg male baby was born at term to a 28 year old mother of a consanguineous marriage by normal spontaneous vaginal delivery after an uncomplicated gestation. There was no history of drug intake or exposure to radiation during the antenatal period. There was history of birth asphyxia and child was admitted in neonatal intensive care unit. Physical examination revealed features of DS (antimongoloid slant, short stubby fingers, hypotonia). There was no evidence of sepsis. On day 2 of life, routine blood investigation was done. The Hb was 178 g/l and platelet count (PC) was 271 9 10 9 /l. The TLC was 18 9 10 9 /l with 7% blasts, 2% myelocytes, 3% metamyelocytes, 6% band forms, 64% neutrophils, 17% lymphocytes, 1% eosinophils (Fig. 1a) . Some of the blasts showed cytoplasmic blebs (Fig. 1a, inset a) .On cytochemistry, these blasts were positive for Myeloperoxidase (MPO) (Fig. 1a, inset b) and on immunocytochemistry (ICC), blasts were positive for CD 34 but negative for CD 61. Bone marrow aspirate (BMA) was deferred and the child was kept under close monitoring and advised repeat peripheral smear (PS) after 2 week. On day 14, repeat Hb was 130 g/l and PC was 281 9 10 9 /l. The TLC had decreased to 9 9 10 9 /l with 1% blast, 2% myelocytes, 4% metamyelocytes, 44% neutrophils, 45% lymphocytes, 4% monocytes. On follow-up after 1 month, TLC had normalized with no circulating blast in the periphery (Fig. 1b) . The final impression of TMD associated with DS in spontaneous remission was made.
Case 2
A 1 year old female child with features of DS presented with fever and progressive weakness of 10 days duration. Physical examination revealed severe pallor, moderate hepatosplenomegaly but no lymphadenopathy. The Hb was 29 g/l and PC was 22 9 10 9 /l. PS showed normocytic normochromic red cells with polychromatophils, macrocytes and nucleated RBC-28/100 WBC, many of which showed dyserythropoiesis. The TLC was 33 9 10 9 /l with 65% blasts, 1% myelocyte, 2% metamyelocytes, 9% neutrophils, 6% lymphocytes, 4% eosinophils and 13% basophils (Fig. 1c, d ). BMA showed suppressed megaloblastic erythropoiesis and megakaryopoiesis and myeloid hyperplasia with increase in blasts comprising 71% of marrow cells along with myeloid maturation. The blasts were heterogenous; some had granular cytoplasm though no distinct Auer rods were seen (Fig. 1c) . Some blasts showed cytoplasmic blebs. Basophils were increased (6%).On cytochemistry, blasts were MPO positive and periodic acid Schiff (PAS) negative. ICC was performed -blasts were positive for CD 34 and negative for TdT, CD 3, CD 10, CD 20, CD 61, and CD 68. The final diagnosis of acute myeloid leukemia with maturation (AML-M2) with basophilia was given.
Case 3
A 2 year old male child presented with fever, subcutaneous bleeds and ecchymosis of 4 days duration. Physical examination revealed pallor, mild hepatosplenomegaly and significant cervical and axillary lymphadenopathy and features of DS. The hemoglobin (Hb) was 81 g/l and PC was 12 9 10 9 /l. The total leucocyte count (TLC) was 40 9 10 9 /l with 10% neutrophils, 4% lymphocytes, 2% eosinophils and 84% blasts. BMA showed 88% blasts. The blasts were heterogenous (Fig. 1e ) and many showed cytoplasmic blebs, reminiscent of megakaryoblast (Fig. 1f) . MPO was positive and in addition, occasional blasts showed PAS positivity (Fig. 1e, inset c) . On ICC -blasts showed positivity for CD 61 (Fig. 1f, inset d) , MPO and were negative for TdT, CD 3, CD 10, CD 20, CD 68. The final diagnosis of AMKL was given.
Discussion
DS results from trisomy 21 and occurs in approximately 1 in 1,000 birth [4] . The first report of leukemia in DS patient occurred in 1930 and subsequent contemporary studies indicate that patients with DS have a 10-to 20-fold higher relative risk for leukemia, with cumulative risk of 2% by age 5 and 2.7% by age 30. In addition to the higher frequency, leukemia in DS patient also differs in their clinical features, timing of occurrences, and response to therapy. [1] In the WHO classification of tumours of haematopoietic and lymphoid tissues 2008, myeloid proliferations related to DS has been incorporated as a distinct entity [3] .
Approximately 10% of newborn infants with DS develop a form of megakaryoblastic leukemia which usually disappears spontaneously during the first few months of life known as TMD or TL. It is characterized by the large number of megakaryoblasts in the peripheral blood, variable thrombocytopenia and in a minority of cases, by a lethal course with hydrops fetalis or progressive hepatic fibrosis. Recent evidence of the clonal nature of the disease favors the hypothesis that TMD represents a very special form of leukemia. Studies have shown that 25% of cases that had spontaneous remission developed AMKL in the first 4 years of life, which, if not treated, had fatal outcome [5, 6] . The reason for the complete and spontaneous resolution is not known [7] . Children Oncology Group (COG) study POG-9481 -a multi-institutional prospective study had extensively investigated the natural history of TMD in newborn with DS or trisomy 21 mosaicism. Candidate genes for leukemogenic potential that are expressed on chromosome 21 include the FPDMM gene (cause of the autosomal dominant familial platelet disorder), AML 1 gene (associated with AML-M2), interferon alpha receptor (INFAR), CRF 2-4(cytokine receptor family 2-4) and phosphoribosylglycinamide formyltransferase. However, whether this is simply a result of increased gene dosage or a result of disomic homozygosity remains to be determined [2] .
There is approximately 150-fold increase in AML in DS children less than 5 years of age; 70% of the cases of AML in DS children less than 4 years of age are AMKL in contrast to the 3-6% incidence of this form of leukemia in non-DS children [3] . A few case reports of congenital leukemia in the newborn or in the immediate neonatal period occurring in DS are reported and strict diagnostic criteria have been proposed [8, 9] . There are some minor hematologic and cytogenetic differences between TMD and AML in DS.TMD tends to manifest with normal hematopoiesis and PC and usually has only the constitutional trisomy 21 whereas AML generally exhibit cytopenia and show additional complex cytogenetic abnormalities [10] . In our case series, platelets were normal in TMD and decreased in both cases of AML.
Karandikar et al. [10] analysed the immunophenotypic expression by using multiparameter flow cytometry in TMD and AML in DS. Their study indicate that there are characteristic similarities between the myeloid blast populations of AML and TMD in DS which includes CD 45?, CD38?, CD 33?, CD 36?, CD41?, CD 61?, CD 34?, CD14-, CD 64-indicating megakaryocytic/erythroid differentiation [10] . In our series of 3 cases immunophenotyping by ICC did not show positivity for CD 61 in case 1, but based on close follow-up with disappearance of blast we labeled that case as TMD in spontaneous remission. However, ICC showed CD61 positivity in case 3 indicating megakaryocytic differentiation.
GATA 1 is a phosphorylated, double zinc finger, DNAbinding transcription factor encoded on the X-chromosome. GATA1 is a key regulator of megakaryocyte, erythroid, eosinophil, and mast cell differentiation. It has central role in regulating megakaryoblast numbers and ensuring normal megakaryocyte and platelets differentiation. Both in TMD and in DS AMKL acquired somatic mutations in one copy of GATA1 were demonstrated mainly in the first coding exon, exon 2 [11] .
Event free survival rates for DS patients with AMKL ranges from 80 to 100% in comparison with\30% for non-DS children with AMKL. They are especially sensitive to cytarabine (ARA-C), possibly due to the effect of the GATA1 mutations and trisomy 21 on the levels of cytarabine-metabolizing enzymes [12] . We lost case 2 and 3 to follow-up, hence response to chemotherapy could not be commented upon.
Although DS ALL is not a unique disease entity as are DS AMKL and TMD, it differs importantly from non-DS ALL. The incidence of DS ALL follows the same age peak as in non-DS, with the exception that almost no cases occur in infants\1 year of age. T-cell and mature B-cell ALL are virtually absent in DS, and recurrent chromosomal abnormalities are much less common. DS ALL has distinctive biologic features is supported by the recent discovery of activating somatic JAK2 mutations in approximately 20% of cases specific to this subgroup [1] .
Conclusion
There is a varied spectrum of hematological malignancies in children with DS. A careful scrutiny of peripheral blood film and a close follow-up is warranted. Presence of blasts in the peripheral blood of a newborn with DS even if asymptomatic should raise the suspicion of TMD. Although TMD remits spontaneously, these cases require regular follow-up for detection of transformation to acute leukemia. In addition to TMD, AMKL, ALL and other types of AML are also common in DS.
